During the years 1947-1957 the Accident Service of the Radcliffe Infirmary treated 26,287 patients with broken bones. Of this number 95 (69 males and 26 females) had fractures of the cervical spine. The clinical suspicion of fracture was confirmed in all cases by X-ray or autopsy; 8 of the patients had more than one fracture of the cervical spine.
During the years 1947-1957 the Accident Service of the Radcliffe Infirmary treated 26,287 patients with broken bones. Of this number 95 (69 males and 26 females) had fractures of the cervical spine. The clinical suspicion of fracture was confirmed in all cases by X-ray or autopsy; 8 of the patients had more than one fracture of the cervical spine.
Though rotational strains may be an important factor in the production of these injuries, it seems that the cervical spine is either hyperflexed or hyperextended at the time of the accident, and the patients have been subdivided according to this criterion. There were 51 (37 males, 14 females) with hyperflexion injuries, and 44 (32 males, 12 females) with hyperextension injuries (Fig 1) .
The type of accident in which these injuries were sustained has been set out in Fig 2; car crashes are by far the largest single source of broken necks.
Thirty-eight of the 95 patients (40 %) sustained damage to the spinal cord. Fig 3 correlates the incidence of partial and complete spinal cord lesions with age and the mechanism of fracture. When hyperflexion was responsible for the injury, 24 patients out of 51 (47 %) had received a spinal cord injury. Of these there were 11 functionally complete transections and 13 incomplete transections of the cord. Of the 44 patients with hyperextension injuries, 14 (32%) had an injury to the cord, 5 with functionally complete transections and 9 with incomplete.
In Fig 4 the incidence of spinal cord damage is correlated with age. A striking feature was the far greater incidence of spinal cord involvement in the later years of life. For example in the agegroup 20-30, out of a total of 20 spinal injuries, only 5 had neurological involvement, but in the decade 60-70, out of 18 spinal injuries, 13 had cord involvement. This trend can also be seen in 15 10-20, where out of 7 spinal injuries, 4 had neurological involvement, but this can probably be explained by the violence of motor cycle crashes.
No patient in this series died unless the spinal cord had been injured, but where there was injury to the spinal cord the mortality was high, i.e. 20 out of 38 (53 %). There were 16 patients with complete transections of the cord, and 13 of these died; the three survivors were all young-19, 27 and 33 years of age. Of 22 patients with incomplete lesions of the cord, 7 died; with one exception these were over 50 years of age, namely 62, 72 and 72 for the hyperflexion injuries, and 52, 63 and 73 for the hyperextension group. The exception was a man aged 44, but his case was complicated by ankylosing spondylitis. It seems, that the prognosis for patients with spinal cord injuries becomes worse with advancing years.
The importance of neurological involvement in cervical spine injuries is thus all too obvious, and the prognosis virtually depends on the extent of the damage to the spinal cord and nerve roots. This does not always run parallel to the extent of the bony injury as seen radiologically, for a fracture dislocation may be accompanied by no neurological involvement. If there is neurological involvement, it may be followed by full recovery. On the other hand, neurological damage sufficient to cause death may occur in the patient with no bony injury, or minimal changes, seen on X-ray examination. However as Fig 5 shows clearly, the more severe the bony injury the greater is the risk of damage to the spinal cord.
In the absence of neurological damage at the time of injury, the prognosis is good and the late effects of bony injury per se are largely pain. There may be late neurological complications such as brachial or cervical neuritis, or myelomalacia may result from cervical spondylosis (Russell 1957) . Symptoms of cord involvement in cervical spinal injuries vary from a mild disturbance to a complete and permanent loss of organized neurological function below the level of the lesion. In the former case, the term 'concussion of the spinal cord' is employed, but no information is available regarding its pathological basis as the patients all recovered rapidly and completely in a matter of days.
There were 6 examples of this condition in the series. In 3 of these patients, in addition to the concussion of the cord, there was more longlasting damage done to the local nerve roots. In 3 patients the neurological changes did not clear up fully until about a month had elapsed, and in these a minor degree of cord contusion must be presumed.
Where there is permanent neurological loss there has obviously been some destruction of the cord. It has not yet been possible to study the cords of any patients in this series who had an incomplete lesion and survived for any length of time, but inferences may be drawn from those patients with an incomplete lesion who died. The sections obtained, when the patient died in the acute phase, showed considerable local heemorrhage and cedema with destruction or damage of the neurones and a variable interruption of the ascending and descending tracks (Fig 6) . In some cases a mush of blood and myelin was forced along the central canal of the cord (Fig 7) , or in the substance of the cord itself (Fig 8) , or on occasion was extruded outside the cord; this is the so-called hematomyelia. Death also occurred in neurones above and below the site of trauma (Fig 9) presumably due to the effects of hkmorrhage, compression, or vascular insufficiency. Damage to neurones from which recovery was possible ( Fig 10) was also seen in cases which came to autopsy a short time after injury. On the other hand, severe damage to vital segments of the cervical cord such as C.3 is sometimes compatible with life ( Fig 11) . 3 from a patient with a fracture-dislocation of C.6 on C.7 with maximal with a fracture of the odontoid process with displacedamage of the cord at C.6. This shows ascending ment. In spite of extensive damage to the cord the hamatomyelia patient survived three weeks There were 13 patients admitted who had suffered damage to the cervical cord of the type just described. Six of these survived, but 7 did not survive the initial stages. The damage to the cord in 3 of the 7 patients was so extensive that it was difficult to see how they could have made a useful recovery. The causes of their deaths were respiratory tract and urinary tract infections. The other 4 approximated fairly closely to a Brown-Sequard syndrome (hemisection of the cord), and in the course of time might have been expected to make a reasonable neurological recovery enabling them to lead a relatively normal life and not be a burden to their immediate associates (Taylor & Gleave 1957); however, they all had respiratory tract complications and 3 of them had infection of the urinary tract. With modern methods of treatment it might have been possible to nurse these patients through these complications or, preferably, to prevent them from occurring in the first place.
Sixteen patients were admitted with a functional transection of the cord. The fact that they were admitted means that the level of their transection was below C.3 or C.4, for with complete lesions at or above this level life is impossible. To this extent this series is a selected one. Thirteen ofthe 16 patients died. The 3 survivors all had injuries involving the lower part of the cervical enlargement, C.6, C.7 and C.8 being the upper levels of the lesions respectively. One of these patients undoubtedly owed his life to an early tracheostomy.
Of the 13 patients who died, one survived the injury by only one and a half hours, and his death was as much due to general injury as to the spinal one. Three patients died between forty-six and fifty hours after injury; these succumbed to primary respiratory failure which may have been caused by ascending oedema or haematomyelia, involving the phrenic nucleus bilaterally (Figs 8 and 10). Four patients died between seven and twelve days after the injury. Their deaths were due to respiratory complications rather than respiratory failure from ascending neurological damage. Three of them had gross infection of the lungs and the fourth had pulmonary embolism. Five patients survived for a longer periodsix weeks to six months after the injury. These all died from prolonged infection of the respiratory tract, the urinary tract, and also infection from pressure sores.
Sixteen patients had involvement of the brachial plexus without any damage to the cord; only one of these showed permanent neurological deficit and the remainder recovered completely.
Treatment
Although the neurological changes may be the most dramatic feature of the injury, yet it is the bony lesion which is responsible for these changes and must therefore be the prime object of treatment. The main purpose of treatment of fractures to the cervical spine is the prevention of damage to the spinal cord when it has not occurred, and the prevention of increase, and perhaps the lessening, of such damage as is already present. The treatment of the bony lesion thus has two primary aims: fixation of the mobile fragments, and restitution of the anatomy where possible. Neurological involvement adds complexity, but in no way alters the essentials of the treatment of the bony lesion.
The fracture dislocations and subluxations are the most serious problem, for here the posterior elements of the column (the supraspinous and intraspinous ligaments) have been ruptured or damaged; 44 % of the present series had this type of damage. In these cases traction may be required in the initial stages to reduce the dislocation or the subluxation. Skull traction was used, and at first a weight of 35 or even 40 lb may be required. This need only remain in position for a short time until reduction has been effected, and after this the weights can be progressively lowered. This method is preferred to the Sheffield method in which reduction is carried out under general anesthesia. Where the fracture dislocation or subluxation showed evidence of instability, grafting was carried out. The posterior method of grafting was preferred. Where the bodies of the vertebrze are severely damaged anteriorly, grafting is often unnecessary because of the fact that ossification takes place beneath the anterior common ligament (Fig 12) . One complication of skull Where the posterior elements of the column were intact, the treatment followed the teaching of Holdsworth (1959 personal communication), and extension was found sufficient to reduce the lesion and plaster sufficient to maintain it in position. The plaster varied from a Minerva cast in 23 wedge fractures and 8 fractures of the odontoid peg, to simple collars for the 26 patients with minor bony injuries such as fractures of the spinous processes or transverse processes.
Where there was damage to the spinal cord, the general care of these patients followed the lines pioneered by Guttmann (Guttmann 1946 & 1947 , Guttmann & Whitteridge 1947 at Stoke Mandeville and Holdsworth (1954) and Hardy (1959) in Sheffield. These principles are well known, but one or two points may be emphasized.
As already mentioned, it is respiratory failure which kills these patients in the initial stages. This may be due to ascending aedema or to infection. The two-hourly turns help to promote lung drainage, but if sudden massive collapse occurs, bronchoscopy may be necessary as an emergency procedure. It is preferable to prevent such an emergency by prophylactic tracheostomy, and there is no doubt that this procedure will maintain life in patients who would otherwise have died. A point might also be made for the use of the positive-negative pressure pump, where respiratory failure occurs within the first fortyeight hours. The respiratory paralysis in such cases might well be due to reversible changes in the spinal cord, such as cedema, and it might be possible to nurse these patients through the phase of respiratory paralysis. This would be of more importance where a patient with an incomplete lesion showed signs of respiratory failure, but this is a rare phenomenon and was not seen in any incomplete lesion in this series. Whether such extreme measures should be taken where the lesion is complete from the onset must be a matter for individual judgment.
As respiratory complications are the main cause of the immediate mortality, urinary infection and renal failure are the greatest long-term risk to life. The simplest and most satisfactory way of dealing with the bladder in our experience is by continuous drainage and a high fluid intake.
The main duty of the physiotherapist in the initial stages is to help with the respiratory problems. In addition the paralysed limbs should be put through a full range of passive movements. When the position has become stable and the neurological lesion remains complete, attention should be turned to the redevelopment of the remaining upper limb muscles. The other problems which arise in these patients are the treatment of spastic contractures and mass reflexes. Here tenotomy, neurectomy, anterior rhizotomy, or alcohol or phenol injections may be necessary.
Where the lesion is incomplete, treatment is far more rewarding. All remaining function must be redeveloped as much as possible.
General Care ofPatients with Residual Cord Damage (1) Spasticity: One of the most distressing features of this condition is the presence of involuntary flexor and extensor spasms; in addition, the increased muscle tone produces cramp-like pain from time to time. This increased spasticity is one of the most difficult problems to be faced. In the first place, while the patient is still largely bedridden, a period each day spent in the prone position is of great assistance in reducing flexion contractures and reducing the severity of flexor spasms. The use of antispasmodic drugs has proved disappointing, and as neurolysis should not be used, except as a last resort, the only way left to reduce spasticity is to avoid all abnormal and excessive stimuli, both internal and external. Excessive cold and damp should be avoided, the condition of the bowels should be adequately regulated, and the bladder emptied. Warm pool therapy is of great value, as it gives a feeling of complete relaxation. The presence of increased tone in the extensor musculature of the lower limbs may be made use of in the form of the extensor thrust to facilitate weight-bearing.
(2) The re-education of the limbs: Warm pool therapy is extremely useful in the first stages of re-education for walking. Not only does it give the patient a feeling of relaxation, but by reducing the force of gravity it enables him to walk. Standing on the floor should be attempted later in order to develop the extensor thrust, and after the first weeks of pool therapy walking should be practised with the aid of parallel bars. When the posterior columns are involved, it is helpful to arrange a mirror so that the patient may visualize the position of the affected limbs. After the parallel bars, elbow crutches may be-necessary for a while, but eventually the patient can usually walk with a stick or sticks, or even unaided. In addition to the active exercises for the upper limbs, wax baths are occasionally useful in promoting some restoration of hand function.
(3) Loss of nociceptor reactions: As a result of damage to the spinothalamic tracts, the protective influence of pain is lost. It is of the utmost importance that the analgesic areas should be protected from burns by hot water bottles in the initial stages. The individual himself must also be taught to protect such areas from injuries of all kinds, so that when he is discharged from hospital such care is second nature to him. In addition, patients should be warned about the dangers to their joints from injuries. One patient in this series developed a Charcot type of joint, which ultimately necessitated an arthrodesis of his knee.
The Place ofLaminectomy in Patients with Lesions of the Cervical Cord
The indications for laminectomy in the early stages of traumatic paraplegia may be summarized as: open wounds, incomplete lesions with progression of signs, and the presence of manometric block without evidence of compression on X-ray (Guttmann 1951) . A further indication for laminectomy in the cervical region has been suggested by Comarr (1955) . The mechanism here seems to be the possibility of lowering the level of the neurological lesion by a segment or two by freeing the nerve roots (Campbell & Meirowsky 1953) . A very small gain for patients with injuries of the cervical region is of great importance, and may make all the difference to them in eating, shaving and writing.
In only one patient in this series was a laminectomy performed, and there was a combination of indications. There was evidence of a progression of signs in an incomplete lesion; there was also a manometric block without evidence of X-ray compression; moreover, in view of the presence of cervical spondylosis, it was felt that the trouble might be due to a large cervical disc protrusion. However, at laminectomy none was found, nor indeed was any cause of the block found, other than swelling of the cord. The patient recovered from the operation but died two months later. We have divided the pathological changes produced by severe and/or repeated bleeding in the extremities into three groups: Those caused by (1) bleeding into joints, (2) bleeding into or among the muscles, (3) bleeding in the bones.
(1) Changes caused by bleeding into the joints: The joints most commonly affected are the weightbearing ones, the knee about twice as often as any other joint, the ankle the second worst, and the elbow following. The detrimental effect of blood upon the articular hyaline cartilage has been amply assessed. Under its action cartilage erosion takes place and a severe reactive inflammation occurs with pain, increase in local temperature, swelling and vasodilatation.
(2) Changes cauised by bleeding in the soft tissues (into and around muscles): Hands and feet may be equally affected but the greatest disability is caused by Volkmann's contracture of the hand. Even so, muscle and tendon contracture in the leg is responsible for the not uncommon equinus foot with claw toes which makes walking difficult and exposes the ankle-joint to repeated bleeding.
(3) Bleeding in the bones: This fortunately is a much less frequent event but when the bleeding is severe it may cause deplorable consequences such as the so-called hmmophilic bone cysts or pseudotumours as they have been called by many authors. In Oxford several of these cases have been seen; two were reported by Fraenkel et al. (1959) and another referred to by Crock & Boni (1960) .
Fractures in Haemophilia
Fractures are another bone complication of hemophilia. These are pathological fractures. The basic alteration is marked osteoporosis, particularly of the metaphysis. We have seen 4 of these cases and, contrary to first impressions, they all consolidated quickly and well apart from the osteoporosis.
